FORMAT 1 ON METHOD 

R ELATED APPL ICATIO NS 

This application claims the benefit of serial number 

60/171,259, entitled "Method for Etching Copper," filed 

provisionally on December 15, 1999. 

TECH NICA L FIE LD OF THE IN VENT ION 

This invention relates in general to the field of 
semiconductors, and more particularly to a semiconductor 
conductive pattern formation method. 



aluminum 

materials because copper generally has a higher 
cc::duc:iv::y , substantially no hillocks f ormat ion , and 
substantially no electron migration. Actuality copper 
interconnection may be required for the sue ISO nanometer 
15 ULSI. However, one problem associated with copper trace 
or line formation is that there is a lack of an effective 
dry etching process to prepare we 1 1 - cent rcl 1 ed copper 

prepared with a chemical mechanic a 1 polishing . CMP 1 
2 C rorccess, such as Damascene or dual -Damascene . However, 
wnen the minimum device geometry is reduced or shrunk to 
less than ICC nanometers, such a process is especially 
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example , 
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substrates or require a c omp 1 i c a t e d reactor design a nd 
process control scheme . The high temperature approach 

10 dees not have tne above described problems, but still 
requires high ion bombardment energy to achieve a high 
e t on rate. Add ltionaliy, the selecti ^ i t y of c opp e r or 
other interconnection materials to another film will 
generally be lowered by the high ion bombardment energy . 

15 In many of the copper etching processes, for example, tne 
etch rate is negative , i.e., the etched surface is higher 
than the unetched surface due to the accumulation of the 
reaction product . 
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with one embodiment of the; present 
for forming a conduct ive pattern for 
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formation methods . 

In accordance 
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a semiconductor device includes patterning a mask layer 
outwardly from a conductive layer of the semiconductor 
device. The patterning defines portions of tne 

conductive layer where- vias cr open areas through the 

15 conductive layer are desired. The method also includes 
exposing the semiconductor device to a plasma. The 
plasma converts the unmasked portions of the conductive 
layer into a compound. The method further includes 
exposing the semiconductor device too a treatment process 

2 0 t o s e 1 e o t i vel y r e m o v e t h e co r r p c u n d . 

According to another embodiment of the present 
i n v e n t; i c n , a nie t h C 1 d for f o r m i ng a c c n due 1 1 ve p a 1 1 e r n f c r 
an electronic device includes forming a conductive layer 
core wardly from a subs orate of the electronic device and 

2 5 patterning a mask layer outwardly from the oc induct eve 
layer. The patterning de f ones port ions of the conductive 
layer where vias or open areas through the conductive 
layer are desire;!. The method also includes exposing the 
electronic device to a plasma. The plasma converts the 

3C unmasked corn cons oi the conduct ive laver into a 
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trie prevention may re app. :e: 
A further advantage of the p] 
method is compatible with other semiconductor processes 
and device requirements. 

Other asoects and technical advantages will be 



reaauy apparent to one srii^iea 
following figures, descriptions anc 



:cm t ne 



. a ims . 
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sucs:rat.e in accordance w::h an e^bcdi^en: of :he present 
invent: ion; 

FIGURE 2 illustrates a schematic cross-sectional 
diagram of the semiconductor device of FIGURE 1 after 
plasma exposure in accordance with an embodiment of tine 
present 1 nve n t: i o n ; 

FIGURE 3 illustrates a schematic c ros s - sec 1 1 ona 1 
diaaram of the semiconductor device of FIGURES 1 and 2 
after p I asma - conve r t ed compound layer material removal in 
accordance with an embodiment of the present invention; 

FIGURE 4 illustrates a schematic c ros s - sec t i ona 1 

the mask layer and the compound removal in accordance 
with an embodiment of the present invention; and 

pattern formation m accordance with an embodiment of the 
ore sent invent ion . 
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or any other suitable substrate material. Barrier layer 
14 may include titanium, titanium oxide, titanium 
nitride, tantalum, tantalum oxide, tantalum nitride, 
miromium, or any other suitable material tc enhance the 
adhesion of the conductive layer 12 and/or to 
substantially prevent diffusion of the material 
iviprismg the conductive layer 12 into tire substrate 16. 
Tnus, layer 14 may comprise either conductive or to:n 
voncuct ive materials corresponding to a particular 



ronductive layer 12 may al 

iron, alloys or compounds of 
a v - suitable conductive 
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layers IB include a hard masking layer 22 formed upwardly 
from the conductive layer 12, ana a photoresist layer 24 
formed ucwurdly from the masking layer 22. The function 
of layer 22 is to provide a protection, a passivation, i r 
a diffusion barrier to the conductive layer 11 . Masking 
layer 22 may include silicon oxide, silicon nitride, 
metals, metal oxides, or other suitable materials to 
p rev i de a d d 1 1 1 o nai etc n i. ug 1 a ye r s of device 1 C to 
accommodate a variety of pattern formations and/c r 



etcrimq te ohniaues 



icwever , 



should be understoc d 



that photoresist layer 24 may be formed upwardly from the 
conductive layer 12 without the masking layer 22. 

Referring to FIGURE 2, device 10 is then exposed to 
a plasma on a plasma reactor i not explicitly shown' . The 
plasma reactor may have a conventional simple parallel - 
plate design or have a high density plasma (such as 
inductive- coupled plasma 2 2P, electron cyclotron 
resonance SCR, hellicon plasma, or ether suitable 
designs 1 . The plasma exposure may be performed using 
convent i cecal plasma etching O'U deposition techniques, 

An electrode , 1 oca tea generally where device 1C is loaded 
into the reactor, may be heated with an electric heater, 



exc C : 
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var:e:v 



qases 



:hlDr:ne, bromine , 
as the reactive 
p 1 a s ma e xc o* s u r e 



elements, such as, but not Limited to, 
fluorine, iodine, or their mixtures, 

10 o om c one n t in the feed stream of t~ h 

process. Fcr example, the plasma may include a chlcrine- 
::cntaining gas such as HCl, Cl :: , ■: rganic or inorganic 
chloride, H5r , Br 2 , HI, l z or their mixtures. other 
^ases , such as , but not 1 1 mi ted to , oxygen , inert gases, 

IB and nitrogen may be mixed with the reactive component to 
enhance the plasma-conductive layer 12 reaction. 

Referring to FIGURE 2, a cross - sec t lonal view of 
device 10 is illustrated after tne plasma exposure. As 
illustrated in FIGURE 2, unmasked portions of tne 

20 conductive layer If are converted mtc a compound layer: 
3 0 as a result of the chemical reaction between the 
plasma and the exposed portions c>f the conductive layer 
12. Fcr example, if the conductive layer 12 comprises 
copper and tne plasma comprises an HCl plasma, a copper 

25 chloride layer may oe formed as compound layer 30. 

Depending on the reaction oechaiiisu and process 
■ o h a r a c t e r i s t o c s , the compound layer 30 may be thicker 
than the original conductive layer 12. For example, the 
compound layer 30 may grow i so t. roc i ca I Iv when it is 

3 0 nigner than the masx layers 18. Additionally, the Tolasma 
exposure process may also be controlled to fcr form an 
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:e , pressure, power, 
be varied :o 
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the compound la^ 
FIGURE 3, the device 10 is illustrated 



after removal of the compound layer 30. The device 10 
may be exposed to a physical or chemical environment or 



process 



) remove the compound layer 30. For example, rf 
the compound layer 3 0 comprises copper chloride resulting 
from the reaction of a copper material conductive layer 
12 with a hCl plasma as described a cove, a hydrogen 
chloride ,HCl; solution may be usee to remove toe 
comoouiod layer 30 with substantially little affect to toe 
remaining conductive layer 12 and/or mask layers IS. In 

bo^ heating the deov.ee 11 to a ho^n temperature, such as 
between 50 0-000 degrees Celsius, under vacuum or m an 
inert atmosphere because the copper chloride material has 
generally a much lower richer vapor pressure than copper 
ma t e r o a _ . 
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convent icical me t hods , including, but not limited to , 
etching processes. However, it should be understood that 

10 layer 14 may remain cri the device 10, for- example, i: 
layer 14 comprises an insulating material. The mask 
layers 1£ may be removed using conventional methods such 
as, but not limited to, a plasma process, a solvent 
dipping, or a combination of plasma processes and solvent 

15 dipping. For example, the photoresist layer 04 may be 
removed using an acetone solution in an ultrasonic bat:: 
at approximately sixty degrees Oelsius. However, other 
son: able methods may also; be used to remove the mask 
lovers 13. Addi 1 1 ona 1 ly , the mask layers 10 may be 

2 0 removed either before or after the removal of the 
compound layer 3C, and layer 14 may be removed either 
after or before removal of the mask layers 10. 

FIGURE 5 is a f 1 ov; diagram illustrating a method for 
conductive pattern formation on a device 1 j in accordance 

2 5 with an embodiment: of one present invention. The method 

begins at step 10 j, where the carrier layer 14 is formed 
upwardly from the substrate 16. However, it should be 
understood that the carrier layer 14 may ice omitted to 
accommodate a particular device 10 cent ogurat ion or 

3 0 materials selection. At steo 102, conductive iaver 12 is 
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for the device 1G, thereby creating vias 20 corresponding 
t 1 : : u nma shed oortions of t h e c o n d u c t i v e 1 a y e r 1 2 that w ill 
be removed to fooot the desired conductive pattern. At 
steo 106, the device is exposed to a plasma m a plasma 
reactor. As described above, the plasma comprises a gas 
selected from the halogen group- of elements such as, but 



not 1 imuted to, chlorine, 
At step 108, exposure o 

to a compound layer 31. 



br: 



i uor i ne 



and lod: 



- < ^ ... .x 



toe conductive Udyer 



whet he :: 



decisional step 110, a determination is made 
t o r e mo v e the ma s k 1 a v ers 18 before or after 

of the comccund later 30. If removal, of the mask 

layers 18 is desired before removing the compound layer 
31, trie method proceeds to step 112, where mask layers IS 
are removed using conventional methods. If removal of 
the mask 1 avers 18 is desired alter removal of tne 
^ -.,>*p -s, . --j 7t the method uroeecus from stec 110 to 
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isk layers IS 
compound layer 



16 to seep IIS, where the Task 
If the mask layers 18 were 
f i he c compound laye^ 30 t""^ 



methyl proceeds frcr seer 
layers IS are removed. 
10 removed prior to removal 
method terminates . 

Thus, the present invention provides a conductive 
pattern formation method that provides greater ocutnl 
and creation of fine conductive interconnection lines or 

15 traces for semiconductors and ether electronic 'devices 
than prior conductive pattern formation processes. 
Additionally, the conductive pattern formation method c f 
t-e present invention may be used with conventional 
semiconductor fabrocat ion equipment and facilities, 

2 0 thereby substantially reducing or eliminating costly 
faoility upgrades, retrofits, or the design and 
manufacturing of unconventional new tools to form fine 
line conductive or magnetic patterns. 

Although tne present invention and its advantages 

25 have teen described m aev a : 1 , it should be understood 
that various changes, substitutions, and alterations can 
be made therein without departing from the spirit and 
scope of the present invention as defined by the appended 
claims . 



